ABSTRACT This study proposed a multirange attribute object classification method based on a vectorization attribute circle to solve the classification problem of multiple slope stability. There are many factors affecting slope stability, and these factors are difficult to assign a value representation; however, they can usually be easily expressed as a range of attribute fields to adapt to this situation and propose a method based on an attribute circle. First, this paper discusses the basic properties of an attribute circle, and subsequently discusses the method, derivation process, and properties of an attribute circle. Finally, the section of the Hai Bamboo Highway on the 318 national road line in Ganzi Prefecture, Sichuan province, China, is selected as an engineering case and this study uses this method to classify 16 slopes according to four attributes. By continuously raising the threshold until all objects are classified, the classification results are the same as the actual stability in the slope sample instance. This method provides a new idea for the study of slope stability state classification.
I. INTRODUCTION
At present, the safety of mining environments is one of the most serious problems among all types of safety concerns caused by human activities [1] - [3] . The development of the mining industry has brought great benefits and abundant material wealth to mankind and greatly promoted economic prosperity, social progress and human civilization. However, to meet their own needs, people continue to change and destroy the natural environment around the mining area when mining and utilizing mineral resources, thus also creating a large number of safety issues [4] , [5] . These problems not only seriously threaten the safety of people's lives and property and destroy the natural landscape but also seriously affect the coordinated and sustainable development of the social economy. Therefore, strengthening mine environmental safety and environmental protection is an important task for all aspects of society, especially mining enterprises. Landslides are among the most serious geological
The associate editor coordinating the review of this manuscript and approving it for publication was Zheng Yan. disasters [6] - [9] . The main causes of slope landslides may be natural or man-made, usually attributed to internal and external factors. Internal factors are topographic structure, slope angle, geotechnical characteristics, geological discontinuity distribution, groundwater level, etc., while external factors include rainfall, snowfall, labor (such as mining, roads and housing construction) and so on [10] - [12] . Accurate analysis and prediction of landslide deformation, displacement and mutation are directly related to people's safety, material property and environmental resources. Therefore, landslide stability analysis naturally becomes the core of the work.
In the past 40 years, through the continuous exploration and painstaking research of many landslide experts in the world, great achievements have been made in the research of landslide prediction theory, and the research process can be divided into three stages.
The empirical prediction stage is based on the artificial direct observation method. In the 1970s, landslide prediction was mainly achieved through the landslide before the occurrence of the precursor phenomenon of observation, based on historical experience to infer the prediction method.
This method is only suitable for landslides with obvious precursors, and the prediction accuracy is not high. The empirical equations established by these methods are only applicable to specific geological conditions and do not have general applicability, therefore the time error of creep failure is also relatively large, and the reliability of prediction time is poor [13] .
The prediction stage of the statistical analysis method is based on the displacement-time curve. In the 90s, great progress was made in the theoretical study of landslide forecasting. Some scholars used mathematical methods to establish theoretical models, which are used to fit the displacement time curves of different landslides, and then performed extrapolation prediction analysis according to the established model. Among them, Professor Wang Sijing put forward a comprehensive forecasting method of total deformation and displacement rate before slope instability, Professor Yangtongjin put forward the regression model and Poisson cycle model [14] , [15] , and the Japanese scholar Fukuzono T proposed the nursery method of predicting the failure time of landslides [16] , the Japanese scholar Saito proposed the displacement prediction method of Ramadan Todo Di method [17] , Professor Chen Mingdong and Wang Lanseng put forward the use of the filter Grey analysis method to forecast landslides in the medium term [18] , the Cui regime and others established the gradient sinusoidal model for landslide prediction [19] , and Professor Zhang Yuan proposed the use of the gold segmentation method for landslide prediction [20] .
The research stage of the comprehensive forecast model conducts forecast judgment based on landslide-influencing factors. After entering the 21st century, with further study of landslide prediction theory, people gradually realized that the fitting extrapolation of the landslide displacement-time curve can often only make a general prediction of the short-term behavior of landslides, and it is difficult to predict the long-term behavior of landslides accurately under the action of many nonlinear influencing factors. Therefore, academic circles slowly began to pay attention to the study of the precursor phenomenon of landslide occurrence and began to establish a physical model for the analysis and study of landslide forecasting methods [21] , such as the proposal by Qin Shiqing and others of the locking slope physical prediction model [22] - [24] . In recent years, computer technology, monitoring instruments and other hardware equipment have been rapidly developed, and slope engineering monitoring technology methods have been gradually developed from the past manual direct observation of qualitative monitoring means to semi-automatic instrument quantitative monitoring, however they have also been developed in full-automation and high-precision remote network monitoring system development [25] . In addition, many scholars have introduced fuzzy mathematics and neural network methods to predict the stability of slope models on the basis of predecessors, such as the use of the support vector machine [26] - [28] , BP neural networks [29] , [30] , the stochastic forest classification algorithm [31] , Hybrid function HS-RVM, BCABC-SVM [32] , [33] , and the Drosophila optimization algorithm [34] , The core of slope stability research is the analysis of forecast criteria and the establishment of landslide prediction model. To predict landslide accurately, it is necessary to establish some landslide prediction criteria with universal applicability. The criteria often used by experts in the course of study include: displacement acceleration method, slope stability classification [35] , deformation, stress, deformation rate method of slope rock and soil, rock mass reliability or failure probability method [36] , rainfall intensity [37] and comprehensive information forecast criterion, etc. All of the above criteria have certain applicability but are not sufficient or universal [38] . Despite the unremitting efforts of predecessors, and although there have been some successful early warning forecast case reports, such as the Three Gorges of the Yangtze Xintan landslide and Canada Hogarth landslide, etc. [39] , more prominent is the failure of the lessons, such as the effects of the 175-m test water storage in the Gorges Reservoir area, Yunyang County, and the serious cold well slope deformation damage, until 2009 4 [40] The government department issued a yellow warning and sealed off part of the Yangtze River waterway after the curved tensile cracks in the rear edge of the lunar slope were connected with the boundary cracks on both sides, but the slope has not yet been unstable.
In the field of safety system engineering, it is necessary to identify, evaluate, analyze and predict all types of systems. Then, the basis of these works generally comes from two aspects: one is the data obtained, the other is the factors that affect the system, particularly the evaluation, classification and prediction of slope stability. Slope stability is affected by many factors, and it is difficult to assign numerical representation for these factors in the actual open-pit mine slope data acquisition. For example is different in different positions of slope; although single-valued density can be obtained by the mean value, it is impossible to reflect the change range and distribution of density. Therefore, the use of a single value to indicate the density of rock mass is not conducive to slope stability analysis and classification. Furthermore, there are many factors affecting slope stability, such as rainfall, geological conditions, internal friction angle, cohesion, slope height and slope angle. These factors are difficult to generalize into a single value for the large slope as a whole, and it is more objective and convenient to use the range domain area. However, this type of attribute domain puts forward new requirements for multi-attribute analysis. At present, Cui and others, based on the space fault tree theory [41] , proposed a method of attribute circle [42] , [43] to study the classification similarity of objects, but there is no clear method for the stability classification of multi-attribute slopes with range value characteristics.
In this paper, by improving the method of attribute circle, it is quantified to simplify the complex process of the original attribute circle classification method and to give a process and method that are easy to realize by computer program. This paper mainly discusses the original attribute circle method 74880 VOLUME 7, 2019 and its advantages and disadvantages; gives the method of quantifying attribute circle; selects the section of the Sea Bamboo Highway on the 318 national road line in Ganzi Prefecture, Sichuan province, China as the project case [44] ; and uses this method to carry out the application analysis.
II. ATTRIBUTE CIRCLE
In the theory of factor space, the factor is an important part of analyzing the relation between the attribute of things and causality [45] .Factors are mathematically defined as a mapping. It maps an object (specific thing) into an attribute (described in terms of adjectives in natural language), which is called a qualitative mapping, and as a numeric value (represented by real vectors in a finite dimensional European space), a mapping called volume mapping.
For example, height is a mapping; it maps a person Tom to an attribute ''very high'' and at the same time, can also be mapped onto a volume of 1.8 meters, as shown in Figure 1 ; the factor is analysis, is abstract, back to the specific, is the understanding of the analysis of the synthesis process. As shown in Figure 1 , by combining the axis of the factors, the coordinate frame named after the factor is obtained, and it is the factor space. Everything can be seen as a point in the factor space. Figure 1 can represent the basic idea of the factor space, that is, the relationship between an object (a person) and the object property; as long as the property is determined, then an instantiated object is determined. However, the research object of the actual problem is often another attribute; using the form of Figure 1 , the size direction of its attributes and the relationship between them and attributes are difficult to determine and not intuitive. The concept of attribute circles is proposed and described here. The attribute circle is a method that can represent the infinite properties of an object on a two-dimensional plane [42] , [43] . The attribute circle is derived from the object factor representation method in factor space theory, but the original method has different scales of each attribute; although the relationship between the attributes can be determined by the angle of their rays, these angles are not regular. Therefore, the relationship between each attribute value or range cannot be measured due to different scales; the relationship between attributes cannot be studied due to the different angles. Therefore, it can only be used as a schematic relationship between objects and factors and is not computational. Within the framework of spatial fault tree theory, the attribute circle method is proposed to realize the similarity calculation of multi-attribute objects [41] - [43] . At the same time, it is convenient to give an example of the attribute circle of an object x first, as shown in Figure 2 .The main properties of the attribute circle are shown in equation (1) . The attribute circle properties are summarized according to equation (1) . Equation (1.1) indicates that the range value of the attribute in the attribute circle is on the radius of the attribute circle, that is, the radius of the attribute circle is 1. Equation (1.2) represents the attribute circle, the angle between the adjacent two attribute domain lines is the attribute angle, and all the attribute angles are equal. Equation (1.3) represents that the sum of all of attribute angles in the attribute circle is 360 • . Equation (1.4) represents that the value of the attribute q is [a e q , a f q ], the maximum value is a f q , and the minimum value is a e q . These properties are the basis of the attribute circle classification method. The process of the original two methods is given by analyzing the similarity of two objects as follows.
The original attribute circle classification method: As seen from (a f q a e q ) to x i and x j , which has the same effect; that is, x i and x j are similar in the region. The similarity is defined based on this idea. In system T where x i , x j ∈ U , define S(x i , x j , a q ) as the similarity between x i and x j in relation to the a q attribute,and the method of determination is as follows:
Where 
shown in equation (2), as shown at the top of the next page. The total similarity between x i and x j is S(
S(x i , x j , a q ), a q ∈ {a 1 , a 2 , · · · , a n }, as shown in Figure 3 .
Set λ a q as x i , x j for the similarity judgment threshold of a single attribute a q . In general, 0.3 ≤ λ a q ≤ 0.6. 1 ≥ S(x i , x j , a q ) ≥ λ a q represents similarity, S(x i , x j , a q ) = 0 represents unsimilarity, and 0 < S(x i , x j , a q ) < λ a q represents fuzzy similarity.Thus, for S(
represents unsimilarity, and 0 < S(x i , x j ) < n q=1 λ a q represents fuzzy similarity.
Improved attribute Circle Classification method: The concept of object similarity is given from the angle of the geometric diagram. As shown in Figure 4 , M In system T, x i , x j ∈ U , define S(x i , x j , (a q , a q+1 )) as the similarity between x i and x j in relation to the attribute a q , a q+1 , as shown in equation (3), as shown at the top of the next page.
It is described in three cases as follows:
and a q
and a q+1 ), the overlapping area definition is as shown in equations (4) and (5), as shown at the top of the next page. The total similarity is S(x i , x j ),
As in the third case in Figure 4, ), the overlapping area definition is as shown in equation (6) and (7), as shown at the top of the next page. 
, a e q x j }, c = min{a
To ensure that equation (5) and equation (6) are neat, the letter replaces the numerical mark. The result in equation (4) (5) (6) (7) is the analytic solution obtained by graphical calculation, and the parsing process is omitted here due to space constraints. The total similarity is S(x i , x j ), x j , (a n , a 1 ) ), a q ∈ {a 1 , a 2 , · · · , a n } Classification rules based on the total similarity S(x i , x j ) of x i , x j . Set λ a q ,a q+1 as x i , x j for the similarity judgment threshold of a single attribute a q , a q+1 . In general, x j , (a q , a q+1 )) = 0 represents unsimilarity, and 0 < S(x i , x j , (a q , a q+1 )) < λ a q ,a q+1 represents fuzzy similarity. Thus, for S(
λ a q ,a q+1 represents similarity, S(x i , x j ) = 0 represents unsimilarity, and 0 < S(x i , x j ) < n q=1 λ a q ,a q+1 represents fuzzy similarity.
III. THE QUANTITATIVE METHOD OF ATTRIBUTE CIRCLE
Although the above two methods based on attribute circle can solve the problem of object classification of multiple range attributes, there are obvious drawbacks. The original method determines object similarity based on the attribute radius of the attribute circle, that is, the overlap between the domain lines, as shown in Figure 1 . By drawing all objects into attribute circles, these property circles correspond to the same property distribution for the domain lines, so the domain lines of the same properties of different objects can coincide. These coincident segments are used to study the coincidence of the same properties of different objects, and the similarities of the same properties of different objects are obtained. Finally, the similarity of these properties is synthesized by some methods, and the total similarity of these objects is obtained. The advantage is that it is relatively simple, and the disadvantage is that the interaction between object attributes is not considered.
On this basis, an improved attribute circle classification method based on the area calculation method is proposed, as shown in Figure 2 . The main consideration is the correlation between attributes, connecting the maximum values of adjacent attribute domain lines, and at the same time minimizing the composition of the quadrilateral shape to describe the similarity. The two identical properties of different objects make up two such quadrilateral shapes, and the similarity between the two properties between objects is determined by their area overlay and two quadrilateral overlay relationships. The comprehensive similarity of the two objects is obtained VOLUME 7, 2019 by synthesizing the similarity of these attributes. The advantage is that it is more precise, and the disadvantage is that the method needs to use an analytic geometry method to obtain the quadrilateral and its overlap.
The above two methods are the basis of the attribute circle; it can solve some multifactor object classification problems, but the calculation process is too complex, and it is especially suitable for computer implementation and intelligent processing. Therefore, an improved classification method based on multi-attribute objects in attribute circles is proposed. The improvement of the method mainly lies in the introduction of the attribute circle to vectorization, and then the intersection coordinates of the domain line when the maximum value of each adjacent attribute domain line is connected and the minimum value is connected by computer programming. In combining with the attribute coordinates of known objects, the area of overlapping parts is obtained by using vector fork multiplication method, and the similarity of these two properties between objects is determined. The comprehensive similarity of the two objects is obtained by synthesizing the similarity of these attributes. This method is suitable for computer intelligent processing; when the object properties are greater in number, the data are huge, but it can still be calculated more accurately and more quickly than the first two methods. The necessary basic definitions are as follows.
Object property Area: The property circle represents an object, all the properties of the object are on the property radius, and after normalization, these properties are range values; the minimum values of these properties are connected counterclockwise as a convex polygon, and the maximum value is connected counterclockwise as a convex polygon, so the area sandwiched between the two polygons is the property area of the object. Vector Method Fork Multiplication Area principle: (1) Triangle Seeking Area: as shown in Figure 5 ,
2) Polygon Seeking Area: Similarly, the polygon area can be regarded as the sum of n-2 triangular area, so the area of the polygon can be summed up by any point with the triangular vector area composed of two points on the polygon, and the polygon area is shown in equation (8) . Because the vector area is related to the direction, and because the area is scalar, it must be positive, so the polygon vertices are listed in counterclockwise order. This is shown in Figure 5 .
IV. OBJECT CLASSIFICATION METHOD BASED ON TO VECTORIZATION ATTRIBUTE CIRCLE
For the above vectorization attribute circle, using vector fork multiplication to calculate the object property area, overlapping area, and final calculation of the similarity between objects, the following are given as concrete steps. 1) Process raw data. Set O = {o 1 , o 2 , · · · , o m } as the object collection, M as the number of objects, A = {a 1 , a 2 , · · · , a n } as the property set, N as the number of attributes, and a q = [a e q , a f q ] as the Q property, i, j ∈ {1, · · · , m}. 2) Consolidate raw data into datasheets. Each row in the table represents an object, each of the two columns represents the range of a property, the top of which is the minimum value of the property, and the back column represents the maximum value of the property.
3) Normalize the datasheet to form a standard data sheet. Select the same property range for each object to fetch the set, get the maximum and minimum values, and use them to normalize the property. ) are the vertexes of the similar property area in a counterclockwise direction. 6) Through the attribute area vertex coordinates, the attribute area S (x i , x j , (a q , a q+1 ) ) is obtained by using the vector fork multiplication algorithm; then, all the similar attribute areas are added, the similar attribute area S(x i , x j ) of two objects is obtained, and all S(x i , x j ) are arranged according to the Matrix to determine the degree of overlap of any two objects, forming the object attribute overlapping table.
7) Create an 'objects are similar to each other' table. By normalizing the Object property overlay table, the column is normalized using the diagonal element value in the object property Overlay table. The resulting value is defined as the object similarity, which results in a similar table of objects. The greater the value of the similarity, the more similar it is to represent two objects. The more overlapping areas, the more similar.
8) The object similarity classification reasoning is carried out, and the object similarity table is filtered according to the similarity degree. Set the similarity threshold ζ , and the rating increases ζ . Each time the filter is greater than the ζ similar value, the corresponding two objects are treated as similar pairs and connected to form the object Similarity group, and then, ζ is improved for the next analysis. Similar pairs are independent of the order of objects. By constantly improving ζ , all objects form similar groups through similar pairs. The analysis termination condition does not change the object similarity group structure after all objects have been classified or ζ has been significantly changed.
V. CLASSIFICATION OF SLOPE STABILITY STATUS
In this paper, the section of the Sea Bamboo Highway on the 318 national road line in Ganzi Prefecture, Sichuan Province, is selected as an engineering case for application analysis [44] . The geographical location coordinates of the Sea Bamboo highway are approximately 99 • East, 30 • , located in the north of the Hengduan Mountains, southeast of the Qinghai-Tibet Plateau, and the overall topography characteristics are roughly east High West Low, North high south low. The main mountain range development is controlled by the regional geological structure, which is the north-south direction. The total length of the Sea Bamboo Highway Section is 126 kilometers, the highest point position in the Haizi Mountain watershed has an altitude of 4685 meters, the lowest position of the section in the Jinsha River bridge has an altitude of 2480 meters, and its geographical location is shown in Figure 6 .
According to the geomorphological characteristics, the area of the case can be divided into two parts, the western Alpine Canyon Landform and the eastern Alpine snowy landscape. Among them, the Alpine Canyon Landform located in the West can be subdivided into a ''U'' type Valley landform and ''V'' type Valley landform. The geomorphological features of the section of the case are mainly the premountain alluvial landform and the ''V'' valley landform. The river terraces in the section of the case are located only in the wider area of the valley, and most of them are covered by fluvial deposits; there is a flood bed and channel bar in the riverbed, mainly river sand and gravel, and the geomorphology is poorly developed by the neotectonic movement. In the example, the slope is divided into a rock slope slope area and rock slope cliff area, and the slope direction is near the North and south direction, sloping westward. Before establishing the comprehensive evaluation model of slope stability, it is necessary to analyze the related factors affecting slope stability according to the engineering geological conditions of slope. Among them, the main characteristics of rock mass are the geological structure and topography, slope morphology, weathering resistance of rock and soil, groundwater, etc., and the mechanical parameter index (that is, internal factor) of slope rock and soil mainly includes several aspects, such as adhesion force, inner friction angle, initial ground stress and bulk weight, etc. The external environmental influencing factors mainly include vibration action, climatic conditions and human engineering activities.
Because the natural slope angle in this example is similar, the influence of the natural slope angle on the classification of slope stability is not considered. At the same time, the influence of earthquakes and the surrounding river on slope stability is not considered. Therefore, the factors affecting slope stability are set to four factors of rock weight, cohesion, internal friction angle and slope height. According to step 1), set {O1. . . , o16}={slope 1. . . , slope 16};{a1. . . , a4}={Rock weight degree, cohesion, internal friction angle, slope height}. According to step 2), in this paper, 16 sets of monitoring data are selected as the basis for slope stability classification in the Stability Monitoring report of several slope examples in the section of '' Sea Bamboo Highway'' in the above project case [44] , and the sample dataset of the slope example is shown in Table 1 .
The stability state of the slope rock mass is divided according to the degree of stability, which can be divided into five states, i.e., extreme instability, instability, potential instability, basic stability and stability, and the corresponding coefficient values are 0∼0.1, 0.1∼0.2, 0.2∼0.5, 0.5∼0.8, and 0.8∼1, respectively [44] . According to the actual stability coefficient in the slope sample example, the slope types of 16 sets of slopes are known, as shown in Table 2 .
According to step 3), the minimum and maximum values of each attribute are obtained and normalized to obtain the standard datasheet, as shown in Table 3 .
Follow step 4) to establish a vectorization attribute circle, as shown in Figure 2 . According to step 5), make a property area for each slope object, which here includes the property area of Object 1 and Object 2, as shown in Figure 4 . Calculate the vertex coordinates of the overlapping property area of two objects. Follow step 6) to get the object overlap table, as shown in Table 4 .
As seen from Table 4 , the diagonal element is the maximum value of each row element, which represents the degree of overlap between the object and itself.
In addition, the matrix is a symmetric matrix. Normalize Table 3 According to step 7). Further, follow step 7) to get the 'objects are similar to each other' table, as shown in Table 5 .
Because the similarity is independent of the object order, the positive diagonal upper element is removed, and the diagonal element is 1, which does not affect the classification result and is therefore also removed. Analyze Table 4 According to step 9). Set = 0.1, each cycle increases by 0.1, and when = 0.3, all objects are involved in the classification process. That is, an object with an element value greater than 0.3 in Table 4 can compose an object collection U. The similar pairs obtained include: 6 , o 10 ) = 0, and thus o 1 , o 2 , o 6 , o 10 cannot be divided into a group. VOLUME 7, 2019 By connecting the same object in each pair, the resulting object is similar to a group of {o 1 8 , o 4 ) = 0.4105, it can be seen that the similarity between o8 and o1 is much higher than the similarity between o8 and O2,o4, while o1, o2 cannot be divided into a group, Thus, the resulting object similarity groups are {o 1 3 , o 6 }, {o 10 , o 13 }. The stability of the slope is classified as follows: slope 1, slope 8 as the first group; slope 2, slope 4, slope 5, slope 7, slope 9, slope 11, slope 12, slope 14 for the second group; slope 16, slope 3 as the third group; and slope 6, slope 10 as the fourth group. The classification is the same as the actual stability in the slope sample instance, as shown in Table 2 .
Finally, it should be explained that the multi-attribute classification method of the above slope has two basic hypotheses: one is that each attribute has the same effect on the object, and the other is that the slope of the same attribute has the same stability. The hypothesis comes from factor space theory and space fault tree theory. If the property is comprehensive, then when the value of each property is determined, a specific slope condition is obtained. Then, as long as all of the property values are the same or similar, the stability of the two slopes is the same or similar. In contrast, if the property value is the same and the slope stability is different, then there must be another attribute that affects the slope stability but is not considered in the analysis process. Under the premise of this hypothesis, the above analysis method is reasonable.
VI. CONCLUSION
To solve the problem of multi-attribute classification of slope stability state, a circular method of vectorization attributes is proposed. The main conclusions are as follows:
1. The attribute representation method of the factor space object is improved. This improvement makes it possible to represent the effect of an infinite number of properties on an object simply within the unit attribute circle. Then, the similarity of the object is analyzed within the framework of the unit circle, the degree of overlap of different objects in the same attribute region is defined as similarity, and the calculation method of similarity under different overlapping forms is optimized. The similarity degree is used to judge the slope stability state affected by multiple attributes.
2. A method for quantifying attribute circles is proposed. Because the two methods of attribute circle classification have difficult calculations, the coordinate attribute circle is introduced, and then, the similarity of two objects is determined by vectorization. In particular, the entire attribute circle is put into the coordinate system, the overlapping of the attribute area of two objects is judged by computer, the vertex coordinates of the similar attribute area at the overlapping place are extracted and integrated according to different conditions, the similar attribute area is obtained by using the vector fork multiplication algorithm, and an object similarity table is established to classify the slope.
3. Through the application of 16 slopes and four attributes in the project case, the section of the Sea Bamboo Highway on the 318 national road line in Ganzi Autonomous Prefecture, Sichuan province, China, is applied and analyzed. When ζ = 0.3, all objects are involved in the classification process, and the resulting object similarity groups are {o 1 3 , o 6 }, {o 10 , o 13 }. The result is basically consistent with the actual slope stability, there is no major miscalculation, and finally, the hypothesis of the method and its rationality are explained. In this paper, it is assumed that the weight of each attribute has the same effect on the object, and the study of different weights will be discussed separately because of the space limitation. He received the National Excellent Doctorate Thesis Award. He is the Hunan Province teaching master, special government allowance experts, and is mainly engaged in mining engineering, resource economy, digital mining, the teaching and scientific research work in mine safety, and so on. He has undertaken over 50 scientific research projects, has received nine provincial and ministerial Science and Technology Progress Awards, two national invention patents, two software copyright Patent, published over 210 papers, compiled the publication of Mining Economics, Mineral Resources Economics, Digital mining Technology, Modern Emergency Management Theory and Technology, and other works teaching materials.
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